There is an increasing trend to use national survey instruments to measure student engagement. Unfortunately, Computer Science (CS) rates poorly on a number of measures in these surveys, even when compared to related STEM disciplines. Initial research suggests reasons for this poor performance may include a lack of awareness by CS academics of these instruments and the student engagement measures on which they are based, and a misalignment between these measures and the research focus (and teaching practice) of CS educators. This working group carried out an investigation of major engagement instruments to examine the measures they embody and track the achievement of CS with respect to the major international benchmarks. A comprehensive research mapping exercise was then conducted to examine the focus of current CS education research and its alignment to student engagement measures on which the instruments are based. The process enabled identification of examples of best practice in student engagement research in CS education. In order to better understand CS academics' perspectives on engagement a series of interviews were also conducted with CS staff.
the narrow, behaviourally-focussed measures covered by the major instruments. Staff interviews revealed a wide variety of beliefs about what student engagement means and what should be done to promote it in CS, including the view that many activities measured in the instruments are counter-productive for CS. This work aims to promote a greater awareness of the international benchmarks and the aspects of student engagement they measure. The results reported here can be used by CS educators to inform decisions on strategies to improve engagement and how these might relate to existing survey measures.
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INTRODUCTION
Student disengagement in Higher Education is a major concern internationally, with many staff and institutions worried by issues such as poor attendance, substandard academic performance and student drop-out. In essence student engagement relates to the extent to which students become involved in activities that support improved educational outcomes [50] . A growing body of research points to the link between better engagement and improved attainment [16, 26] . In recent years, student self-report survey instruments have become the predominant means by which engagement information is gathered. Cheap to administer to many thousands of students and easy to analyse, prominent examples of these instruments include the National Survey of Student Engagement (NSSE) [36] in North America, Australia's Student Experience Survey (SES) [8] and the United Kingdom Engagement Survey (UKES) [35] . These surveys are generally administered to first and final year students and examine the wider university experience rather than individual units. Because student engagement surveys seek to measure engagement in educationally productive activities they are different from student satisfaction surveys that tend to focus on student preferences.
The headline news for Computer Science (CS) is that our students are reporting low levels of engagement on many measures in these surveys [6, 46] . The obvious question is -why? Are the survey results genuinely reflecting the engagement levels of CS students? If so, is CS teaching internationally deficient in its attention to engagement? Or are our students different in some way? Alternately, the construction and interpretation of questions in the surveys could be an issue. A lack of understanding of these issues hinders attempts to interpret the low scores reported or to decide appropriate recommendations for action in response to them.
Since results from these student engagement surveys are widely publicised [8, 35, 36] and may be used by students for course (degree program) selection and by administrators to assess courses, it is important for the CS education discipline to have a greater awareness of the instruments and their design. We need to better understand how current computing education research relates to engagement, in particular mapping its relationship to the instruments and the engagement measures they use. This, in addition to exploring why the measures are considered important and how they align to our teaching and research practice, is crucial if we are to improve the performance of CS in these international benchmarks. However, the fundamental issue is not about ensuring boxes are ticked so that CS achieves good survey scores: revealing the picture of engagement in CS teaching and CS education research (whether or not this is accurately reflected by current surveys) paves the way for genuine understanding of current best practice and general areas for improvement. This can then lead to suggestions of ways that CS teaching can better engage students, as well as a deeper understanding of how to interpret CS results on student engagement measures.
Given the global nature of these benchmarks on student engagement, an ITiCSE working group was formed to obtain some of the perspectives needed to address these challenges. The research investigated the conceptual alignment between international benchmarks on student engagement and the CS academic community's educational research and practice. The working group facilitated international input to the following activities:
Stage 1 -A study examining the trends and variations in the data for the computing discipline from several international student engagement instruments (NSSE, SES, UKES).
Stage 2 -An analysis of current CS education research literature with specific focus on initiatives to promote student engagement.
Stage 3 -Interviews examining the perceptions of CS academics regarding student engagement and their perspectives on the various survey instrument questions.
Stage 4 -Deriving suggestions for ways in which the CS discipline can respond to the findings.
BACKGROUND AND CONTEXT
In order to understand the possible implications of computing students' performance in international student engagement benchmarks and to assess the nature of computing education research relating to engagement, it is important to form a clear understanding of the concept and how it is used in general education literature.
What is engagement?
It is often possible to spot students who are failing to engage by their lack of attendance, unresponsiveness and general apathy: a state referred to by Krause [25] as "inertia" since it lacks the positive nature of active disengagement. However, despite being a widely used term in education, student engagement has been defined in many, often conflicting, ways [2, 3, 19, 23, 26, 27, 50] . Despite this, there is a growing body of evidence that a high level of student engagement is associated with many positive and desirable outcomes including increased learning, lower attrition and increased personal development [2, 16, 50] .
Kuh (instrumental in the development and spread of NSSE) views engagement as the extent to which students participate in "educational practices that are strongly associated with high levels of learning and personal development" [26, p 12] . According to this view, engagement relates to the extent to which students spend time on educationally purposeful or "high impact" activities. It is related to earlier work, for example, that by Astin who believed "It is not so much what the individual thinks or feels, but what the individual does, how he or she behaves, that defines and identifies involvement" [2, p 519] . This emphasis has been reflected in the development of the NSSE survey instrument which assumes a strong link between institutional teaching (that is, the activities in which students are led to engage) and actual student engagement.
Definitions based on student activity relate to a behavioural conception of engagement. However, students' compliant behaviour does not necessarily indicate real engagement with their studies or suggest that learning is taking place. At a most basic level, students may be physically present at a teaching session but concentrating on other things, such as their social media accounts. Participation in more active learning situations may be a better indicator of the "student's willingness, need, desire and compulsion to participate in, and be successful in, the learning process promoting higher level thinking for enduring understanding" [4, p.294] which is widely associated with engagement. Definitions based purely on students' behaviour may be contrasted with those that refer to cognitive aspects of engagement characterised as "a student's psychological investment in and effort directed towards learning, understanding, or mastering the knowledge, skills or craft" [28, p12] . Cognitive engagement is often associated with reflective, self-regulated learning and the effective use of deep learning strategies.
A third dimension of engagement highlights students' emotional investment in learning [32] . Referred to as affective or emotional engagement, it may be evidenced by enthusiasm and interest in a subject and has also been linked to students' sense of belonging [29] .
A number of studies have noted the inadequacy of characterising student engagement on a single dimension [20, 50] . It is now often conceptualised as a meta-construct which incorporates behavioural, cognitive and emotional aspects [16] . While some studies suggest further dimensions should be added, these three form a consistent basis for defining engagement. Conceptualisations of engagement incorporating multiple dimensions are referred to as 'holistic'.
In a comprehensive survey of student engagement literature Trowler [50] points to the fact that the behavioural, cognitive and emotional (affective) dimensions of student engagement can be expressed in positive or negative forms of engagement. While the objective of many learning activities are expressed in positive terms, in practice some students may be withdrawn, apathetic, avoid engagement, or actively disruptive or obstructive. So student engagement can be viewed as a continuum from positive engagement through non-engagement to negative engagement.
Trowler's definition of student engagement is also of note:
Student engagement is concerned with the interaction between the time, effort and other relevant resources invested by both students and their institutions intended to optimise the student experience and enhance the learning outcomes and development of students and the performance, and reputation of the institution. [50, p3] This is a view of engagement which emphasises the role of the institution. It is interesting that teaching is positioned not just as something which can promote and enable student learning -it is seen as part of the very definition of engagement. Even more striking is the inclusion of reference to institutional performance and reputation. Again, this is not referred to as an outcome of evidencing student engagement, but as something which is fundamental to the consideration of engagement.
Engagement, instruments and institutional responses
Despite a general recognition of the multi-dimensional nature of engagement and the inadequacy of self-report instruments to measure the concept [17] , the majority of education research literature relates to the NSSE-style benchmark surveys. Proponents of the approach claim that the measures are all linked by research to high levels of learning and may be used as proxy measures of learning gain, although some researchers have questioned the strength of this link [18] . Further criticisms of the approach include the validity and reliability of the instrument [41] , ambiguity of questions [39] , inaccuracy of self-reporting [10] and the inapplicability of certain questions to particular subjects [46] . While mainly behavioural in its conceptual basis, NSSE and other major surveys do incorporate questions which relate to cognitive aspects such as higher order learning. However, by focusing on aspects which the institution can control, it is questionable whether they can represent true affective or cognitive dimensions in a meaningful way [23] .
Trowler's definition quoted above exemplifies a view in which there is a role for both the student and the institution in co-creating the students' learning experiences: the student by seeking to actively engage with the experience through educationally effective practices and the institution by creating suitable opportunities to engage in such practices [50] . This may be helpful in apportioning responsibility and identifying the need for action to improve student engagement. However, as Kahu notes, fundamentally entwining institutional practice and student behaviour "has resulted in a lack of clear distinction between the factors that influence engagement, the measurement of engagement itself, and the consequences of engagement" [23, p760] .
Many authors (even those with doubts about the process) acknowledge benefits in the NSSE-style self-reporting survey approach to measuring engagement. It can provide part if not all of the complex picture relating to student engagement. The survey measures certainly focus on many teaching activities which have long been acknowledged as good practice, such as Chickering and Gamson's well-known "Seven Principles For Good Practice in Undergraduate Education" [9] . From an administrative perspective, a survey allows data to be gathered from thousands of students. Statistical analysis indicates student performance against benchmarks and this can be tracked against previous years' data [46] . However, there is a danger that figures may be produced and used with little understanding of their real significance. For example, should a CS department with low scores in Academic Challenge incorporate more 20 page essays in its coursework just to increase its score on this contributing question? On what basis should such decisions be made? Which low scores represent areas of concern and which might be deemed less appropriate to the subject?
Further, there are potential funding implications associated with these surveys. In Australia the SES (formally the Australasian Survey of Student Engagement or AUSSE) was originally set up to determine funding allocation to institutions but the government has since stepped back from this. In the UK, the government has only temporarily shelved its plans to link student tuition fees to teaching quality measures in part formed by surveys. Therefore it becomes imperative to understand the implications of CS results obtained in these surveys. It is not far-fetched to imagine departments trying to add or modify components to their courses not for educational purposes but to increase survey scores. A better understanding of the surveys and how to interpret results could allow, firstly, an appreciation of appropriate institution response and beneficial adjustment to teaching and, secondly, clarity on the limitations of these surveys in measuring engagement (in general and for particular groups).
Differentiating related concepts
One common problem in discussing student engagement is confusion caused by its obvious close relationship to a variety of other concepts. For example, there is often lack of clarity concerning the distinction between motivation and engagement -indeed they are sometimes found to be used interchangeably. Other concepts, such as expectation, identity, satisfaction, experience, achievement and so on have obvious connection to engagement.
Although this continues to be a matter of some debate, a conceptual framework proposed by Kahu provides a useful clarification of the distinction between the terms, underlining the fact that they are not the same but that relationships can be distinguished between them [23] . Kahu distinguishes six elements: socio-cultural context, structural influences (both from the university and the student themselves), psychosocial influences (again from both university and student), actual student engagement (along the various dimensions previously noted), proximal consequences (both academic and social), and distal consequences (further removed than the proximal ones). The ordering is important since the earlier generally precede the latter in the manner of 'antecedents' and 'consequences'. However, it is not a linear process. So, motivation may be seen as an antecedent to engagement, but engagement can help reinforce motivation. In this view, student engagement is seen as a dynamic process that involves multiple inputs, processes and outcomes.
We have found Kahu's framework, shown in Figure 1 , to provide a very helpful guide to clarifying and distinguishing the various terms and relationships which are often conflated both by CS academics when discussing engagement and in CS education research literature. As noted by Kahu, it can also be of use in deciding where to target interventions aimed at increasing student engagement. Furthermore, the interlinked nature of psychosocial influences strongly suggests that a student's major, and the culture and identity associated with it, affects engagement. Indeed, Kahu states, "the need for in-depth study of particular student populations is self-evident" [23, p 766] .
The variety of different conceptualisations of student engagement leads to an obvious discussion of the dimensions on which student engagement research can be categorised. As previously noted, multiple dimensions including behavioural, cognitive, affective (or psychological) and socio-cultural engagement are commonly acknowledged [23] . Reschly and Christenson provide a division of the first of these into academic (such as time on task, assignments completed and credits earned) and behavioural (which includes attendance, class participation and extra-curricular participation) [43] . Other authors provide further distinctions which may be viewed as discriminators of different aspects of behavioural engagement. For example, Krause and Coates [25] introduce seven separate 'engagement scales' which include peer engagement, staff-student engagement and beyond-class engagement. Aspects of all of these are reflected in instruments such as NSSE. The additional engagement scale of work-integrated learning was initially represented in the AUSSE instrument (now known as the SES).
Investigating student engagement
While 'engagement' is a term often seen in education research, a number of authors point to differences in the way it is tackled in the research literature. Trowler highlights the issue of focus in student engagement studies, ranging from the individual student, to specific student groups (such as under-represented minorities) and to the institutional level [50] . Studies targeted at the individual tend to be small scale investigations of specific teaching practices or educational tools set in a specific instructional context, while studies at the institutional level tend to focus on more substantial national or international benchmarks.
Similarly, Ashwin and McVitty [1] define three levels of focus for engagement studies: Formation of Understanding (about helping students to improve their learning outcomes), Formation of Curricula (student involvement in shaping the courses they study) and Formation of Communities (students influencing institutions and societies they participate in). Also described by Trowler [50] and evident in the literature is the range of objectives in studies on student engagement including: improving student learning; improving completion times and retention; widening participation and equity; improving curricular relevance; institutional quality assurance, reputation and funding; and return on educational investment from funding bodies and fee-paying students.
As noted by many, the multi-dimensional nature of engagement indicates that it is insufficient to rely on the assessment of any single aspect as an evaluation of student engagement [5] . The resulting holistic view [23] characterises engagement as multi-faceted, fluid, and highly dependent on many other factors, in particular, how the student feels (emotion) [5] . However, as pointed out by Kahu, the difficulty with such an all-encompassing approach is that the concept of engagement lacks definition and becomes indistinguishably merged with other concepts (such as motivation and expectation) which, although undeniably linked are antecedents to engagement rather than engagement itself [23] . It also becomes more difficult to evaluate. However, given the multi-faceted conceptualisation of engagement, it is clear that any attempt to categorize research related to student engagement should include behavioural, cognitive and affective dimensions.
A further aspect of comparison of student engagement research, the evaluation method, is discussed by Fredricks and McColskey [17] . In practice, the most commonly used method in Higher Education is the standardised self-report engagement survey instrument (such as NSSE and SES). However, in addition to the wide variety of different survey instruments there are many other possible approaches for assessing and evaluating engagement. These include: experience sampling, instructor rating, interviews and observations [17, 47, 51] . Many of these have commonly been observed in school-level research so it might be expected that they would also be reported in literature on Higher Education and provide a further classification on which to assess the research identified. The importance and relevance of the methods is in particular related to the conceptual dimensions noted above, since different methods have been shown to relate more closely to different aspects of engagement. For example, teacher reports agree more closely with students' reports on behavioural engagement but less so for emotional engagement [47] . However, in practice, within the current study insufficient work was observed which employed any direct consideration or assessment of engagement with respect to such methods. Hence this was not used to categorise candidate papers in the present work.
Given the variety of meanings, aims and methods associated with the term 'student engagement' it is interesting to speculate how this concept is viewed and used by computing education practitioners and researchers. This is especially topical given the relatively poor performance of CS education in terms of international student engagement benchmarks. With respect to academics: are computing academics familiar with international student engagement benchmarks and the theory on which they are based? Does established literature on student engagement shape their educational practice? In terms of researchers: what research related to student engagement is carried out by computing education researchers? Do computing education researchers articulate a coherent view of student engagement that is well-grounded in established research literature in the field? When computing education research studies claim to observe increased student 'engagement', do they in fact use established student engagement practices and metrics? There are certainly existing studies which investigate engagement in different aspects of CS, such as Naps et al. 's 2002 study of engagement with a focus on visualisation technology [34] . In the current research we explore the diversity of recent perspectives on engagement in CS and the theoretical stances that underpin them.
Engagement as it relates to this report
It is important to note that it is not the intention of the authors to provide their definitive definition of the term engagement. The purpose of our research is to explore CS academic understandings of engagement and how this aligns with its conceptualisation within international benchmarks. The current discussion of engagement serves to provide context for the following analysis and reporting of the international benchmarks, research literature, and academic interviews.
The authors acknowledge the diversity of views and understandings of engagement, and the presentation of research regarding student engagement serves to highlight the myriad definitions and inherent complexity that it brings. While there are well-understood formal definitions of engagement, such as those discussed in this section, its behavioural, cognitive, and affective dimensions mean that the work of academic researchers and teachers can meaningfully relate to a subset of one dimension, or indeed all three. We note however that the current understanding within more general education and psychology research literature is that a holistic view across the various dimensions is needed to conceptualise engagement fully. Further, we note the need to maintain a distinction between engagement and related concepts and we follow Kahu's framework [23] where appropriate in terms of considering influences, engagement and consequences. This paper analyses and presents engagement research and academic practice in a 'non-judgemental' manner in order to identify the alignment with the benchmark instruments and the opportunities for improving student engagement.
INTERNATIONAL BENCHMARKS OF STUDENT ENGAGEMENT
This section introduces the specific international survey instruments and gives an overview of their use. Recent changes to the surveys will also be discussed. It should be noted that these surveys do not measure learning outcomes or quantify the educational resources available to students directly, rather they seek to give an insight into the extent to which students make use of these resources and the impact this has on their learning experience.
National Survey of Student Engagement (NSSE). The North American National Survey of Student Engagement (NSSE) is the largest of its kind and also the longest running of the current crop of higher education student engagement instruments. In the most recent round (2016), 322,582 students from across 560 colleges and universities were surveyed [36] .
NSSE was conceived in 1998, and first piloted in 1999. It arose from a working group of higher education leaders within North America that sought to better understand "investments that institutions make to foster proven instructional practices and the kinds of activities, experiences, and outcomes that their students receive as a result" [36] . The most significant outcome was the intention to establish a set of benchmarks for student engagement that were not associated with pre-established measures of institutional reputation, resulting in the NSSE.
First-year and senior bachelor degree students are surveyed. Results of the survey are made available to institutions, while aggregated data is published openly to the wider public in both report form and through a tool that allows users to access more detailed information relating to specific disciplines or engagement factors.
Student Experience Survey (SES).
The Australian Student Experience Survey (SES) has undergone a number of changes and renaming since being commissioned by the Australian Government in 2011. It was originally intended that results would provide information for allocation of funding, but this idea was later dropped [42] . At its inception as AUSSE it was based predominately on the NSSE, however since then it has become less focused on specific engagement activities, becoming the University Experience Survey (UES) and then the SES in 2015. In the 2016 offering, data was collected from over 178,000 students from all 40 Australian universities, and 55 non-university higher education institutions [8] .
First and later year undergraduate students are surveyed. Results of the SES are made available to institutions. A report of results and a facility for interrogating aggregated data is also made available to the general public. Queries can select disciplines and/or institutions and view the results for specific engagement factors.
3.0.1 Other International Benchmarks. A number of other countries undertake national benchmarking of student engagement, however none are as extensive as the NSSE or SES. One of the most notable is the UK Experience Survey (UKES), which is optional rather than a compulsory national instrument. Administered by the Higher Education Academy, it was piloted in 2013 and 2014, and is now a nationwide (albeit voluntary) instrument. In 2016, 29 UK institutions took part, with 23,198 students responding [35] . Data obtained from the survey is used by institutions and is available Session: Working Group Presentations ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy to the general public on request through a report and tabulated aggregated data that can be broken down by discipline.
Other countries that undertake surveys of this nature include South Africa and China, although as yet they do not have the reach, history, or richness of data of NSSE or SES. Therefore data analysis presented in this report on student engagement will focus on the results of NSSE and SES, with some limited discussion of UKES.
International benchmark design and engagement measures
Both the NSSE and SES address and explore student engagement, however, they differ in terms of survey structure, length, and questions asked of students. At their heart, both rely predominantly on Likert scale questions, however the questions are grouped on different dimensions of engagement. The term 'student experience' (as embodied in SES) indicates a broader, more encompassing perspective than engagement. Relating this to Kahu's framework, the measures explored would investigate elements beyond the strict 'engagement' aspect. That is, some antecedent factors (for example, psychosocial consideration of support) and some consequent factors (such as the proximal consequence of satisfaction) are explored. Although SES throws a wider conceptual net, the construction of its engagement aspects is still firmly based in the NSSE perspective. Thus the results from those parts are directly comparable to NSSE results, while the additional factors provide some broader insight into the student experience.
3.1.1 NSSE. The NSSE presents approximately 10 pages of questions. Some questions capture basic descriptive and demographic information, but most focus on the surveys specific engagement measures. In the initial version of NSSE five specific benchmarks were used [27] : 1. Level of Academic Challenge, 2. Student-Faculty Interaction, 3. Active and Collaborative Learning, 4. Enriching Educational Experiences, and 5. Supportive Campus Environment. These benchmark areas have subsequently been condensed into four main themes: 1. Academic Challenge (17 questions), covering reflective and integrated learning, higher order learning, quantitative reasoning, and learning strategies; 2. Learning with Peers (8 questions), examines collaborative learning and discussions with diverse others; 3. Experiences with Faculty (9 questions), covers student-faculty interaction, and effective teaching practices; and 4. Campus Environment (13 questions), looking at quality of interactions, and supportive environment.
Students are not made aware of which questions relate to which benchmark. Many questions work on a 4-point Likert scale (Very Often, Often, Sometimes, Never), while others ask students to rate interactions on a 7 point scale (Poor to Excellent), or to approximate the number of hours spent on a range of different activities. No qualitative questions were asked in the 2016 survey. The benchmarks are then assessed by the different question sets and a standardised measure (out of 60) calculated for each benchmark indicator. A full copy of the survey can be found at the NSSE website [36] .
SES.
While there have been significant ties to the NSSE survey in the past, the SES incorporates aspects of work experience into learning, such as industry placements, industry experience studios and capstone units. This has evolved from the earlier AUSSE survey which incorporated a further benchmark of work-integrated learning. Later versions of this survey also condensed the categories and the SES currently uses five different benchmarks for student engagement. A range of different questions evidence each benchmark: 1. Skills Development (8 questions) looking at development of general skills such as critical thinking, ability to work with others, communication skills, and knowledge of the field; 2. Learner Engagement (7 questions), covering belonging to the university, participation, and interactions with other students; 3. Teaching Quality (11 questions), focusing on rating overall educational experience quality, as well as expected aspects such as quality of in-class experiences and feedback; 4. Student Support (14 questions), relating primarily to the university services provided; and 5. Learning Resources (7 questions), which rates a wide range of physical and virtual academic resources.
Responses are on a five-point Likert scale and are used to calculate an overall figure for each benchmark. There is also a noticeable lack of qualitative questions. A full copy of the survey can be found in the SES national final report [8] .
UKES.
The UKES is developed under licence from NSSE but has developed its own distinctive flavour during several years of trial and updates. In particular, it aims to provide students with an opportunity to reflect on their learning. It is offered as a survey suitable for students at all years of study, however the organisers recognise that fewer institutions will choose to administer it to final year students because the UK already has a compulsory National Student Satisfaction survey (NSS) which takes precedence and is used in league tables. UKES includes the following sections: 1. Areas of Engagement (29 question), covering critical thinking, learning with others, interacting with staff, reflecting and connecting, course challenge, independent learning, engagement with research and inquiry, and staff/student partnerships; 2. Skills Development (12 questions), examining academic skills, career skills, active learner skills, civic skills; 3. Time Spent on Academic Work (2 questions); and 4. Extra-Curricular Activity (5 questions). Only the engagement items are regarded as 'core' with other aspects labelled 'optional'. Many questions have Likert scale responses ('definitely agree', 'mostly agree' and 'neither agree nor disagree').
Analysis of Computer Science performance
It is clear that each of the instruments describes uses slightly different student engagement measures and question formats. Despite the variation, there is a remarkable consistency in the results of CS relative to other other disciplines. This section describes the performance of CS in 2016 against international student engagement benchmarks in general and also in comparison to other STEM disciples. Due to the fact that these benchmarks have changed over time it is difficult to track performance across years, but previous work [6, 46] has reported on the poor CS performance in 2014 and 2015. The NSSE results are reported first, followed by SES and then the UKES. For each instrument, the nature of the data available and the methods used to extract the data is discussed. We highlight a number of key indicators rather than attempting to report all the data available.
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ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy 3.2.1 NSSE. NSSE provides a number of summary reports for each year of results, made available to the general public via their website. The reports are broken into results for First Year (FY) students and separately for Seniors (SR). Engagement scores are calculated from question responses and given a score out of 60. Reports are available that provide calculated scores for the general engagement indicators, broken into 10 'related-majors' (for example, CS is grouped with Science and Mathematics), along with reports that provide mean answers to specific questions for each subject grouping.
While individual institutions are provided with more detailed results relating to their students, an online report builder tool [37] is also made available to obtain more finely grained comparison data. Using this tool, anyone is able to obtain results for specific teaching disciplines, such as CS. The data presented in Tables 1 to 3 are a combination of summary reports and the CS results obtained using the online tool. Tables 1 and 2 present FY and SR results (respectively) from the 2016 NSSE survey, showing the mean scores for all teaching disciplines combined for each engagement indicator. This is followed by the maximum and minimum of any of the ten related majors. This allows an assessment of the spread and a judgement to be formed as to where CS sits within this spread. Then the mean for the Physical Sciences, Maths and CS related major is shown, followed by the specific CS result. students relative to the wider NSSE results. The tables provide comparative results for all students (NSSE mean) and for the STEM grouping in general (including CS). For both first years and Senior students, CS is lower in the majority of categories compared to the overall average. The same holds for comparison of CS against the STEM group figures. It is also notable that while other STEM subjects generally demonstrate areas of strength, CS cannot point to any outstanding aspect of performance [46] . It is also notable that there is no evidence of improvement of the CS position from previous years. Exact comparison across years is hindered by changes in the survey instrument but, given that overall themes of comparison remain the same, the overwhelming message is that for both CS first years and Seniors, results in 2016 have remained broadly the same compared to 2013 results reported by Sinclair et al [46] . It seems that the poor performance cannot be blamed on a single unrepresentative year but demonstrates a fairly stable position representing genuine, persistent low attainment against NSSE measures.
One other trend of interest is in the change in scores from First Year to Senior. This was the case in 2013 and is still the case now. Table 3 presents these changes for both CS and the NSSE means. While most engagement scores improve from First Year to Senior in the NSSE means, the opposite is true for CS. At the NSSE level, only one factor shifts downward significantly: Supportive Environment. This may be due to increased support often being provided to first year students to aid in transition and the tendency to reduce some layers of support as students move through their degree program. At the CS level, results in all but three of the factors fall (and of the remaining three, Quantitative Reasoning remains the same). For example in Effective Teaching Practices, the overall NSSE change is a positive 1.1 while the CS change is negative 2.7. While the absolute
ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy value achieved by CS on these measures is of concern, of even greater concern is the drop in student perceptions of engagement from first to third year.
SES.
The Australian SES provides the results in a detailed report format, with CS presented in the context of a broader report on the overall results. Within the report, sub-tables provide levels of detail, one of which gives the summarised engagement indicator results. Just like NSSE, the results from a number of questions are analysed to determine the final indicator score. Unlike NSSE, results are not broken down into First Year and Senior, rather a combined result is reported.
The SES reports results broken into 21 'study areas' of which CS is labelled 'Computing and Information Systems'. Regional terminology would equate this (mostly) with the term CS as it is understood in North America. Table 4 presents the results of the SES in a similar format to the NSSE to facilitate discussion. Overall means of all teaching disciplines combined are provided. Maximums and minimums refer to the highest and lowest scores recorded across any of the 21 study areas. For comparison, the study area of 'Science and Mathematics' is also provided, but this group does not include CS as in NSSE. Finally, CS specific results are also provided. Results are adapted from the SES report [8] .
Like the NSSE, CS performs poorly in many key areas. Of note, CS has the lowest score in Skills Development, second lowest in Teaching Quality, and sadly lowest in the rating of Entire Educational Experience. The authors of the SES report even provide a dedicated graphic showing the highest and lowest score in this indicator (Figure 2 ), placing CS's poor performance squarely in the consciousness of the reader [8] . These results are consistent with those collected and published in 2015. 
Figure 2: SES Graphic Highlighting CS Poor Performance
As with NSSE, these results also highlight the poor relative performance of CS when compared to other STEM disciplines. In all categories CS performance is worse, sometimes by a significant amount, for example for Teaching Quality 84 versus 76. Clearly other disciplines with significant technical content are outperforming CS in terms of student engagement. Results in some areas are particularly concerning since CS might be expected to be scoring highly in certain aspects. Indeed, CS is often criticised for being too 'skills focused', yet CS rates the lowest of all study areas. The measures used in the surveys are clearly not ones which students recognise spending time on. This raises obvious questions. Are CS students genuinely less engaged (and our teaching less engaging)? Or might there be issues concerning the measures used? For example, could the 'skills focus' referred to in CS literature point to skills which might equally be used as 'high impact' activities likely to be associated with learning gain? 3.2.3 UKES. As discussed, the UKES is voluntary, with institutions opting in. As such, the results do not provide a complete view of the performance of CS in the UK. In 2016 results were obtained from 20 institutions, capturing 862 CS students (4% of the UKES participants) and 7061 STEM students providing sufficient results for comparison with the other instruments. Detailed results are
Session: Working Group Presentations
ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy not made available to the public, however they can be requested from the instrument website and provided after approval. Table  5 presents results in the same format as the previous discussion, using data provided by the managing organisation. There are 19 subject areas for which minimum and maximums are shown. There are 4 clusters, such as STEM which includes CS. Sadly the results suggest issues similar to the other instruments. Of the engagement indicators provided, CS performs notably poorly in the areas of Critical Thinking and Course Challenge, ranked last in both categories. All other indicators also score below average, with the only exception being Learning With Others. The position of CS in Critical Thinking is made painfully apparent by the UKES report which singles out the category for illustration by means of a figure with CS at the bottom [35] . Of note is that the low score for Course Challenge appears directly at odds with both anecdotal and published evidence. The difficulty of learning to program is often cited as a factor leading to high fail rates and issues of retention in CS, however this does not seem to be the view of the students.
Summary.
The over-arching message from all three surveys discussed is that CS is not scoring well. We may immediately seek to blame the surveys. However, even when we compare against groups which might be supposed to be similar (as with the NSSE STEM comparison) CS scores are low. Indeed, the STEM results are pulled down by CS. Other worrying aspects (such as decline in results from first year to final year) seem to be problematic for CS. So, while we may want to raise questions about issues within the survey instruments the results clearly indicate the need for a more in-depth understanding of why these results are being observed for CS, how students respond to surveys, how engagement is understood and incorporated in CS teaching and how engagement is viewed in CS education research.
APPROACHES TO CATEGORISING COMPUTING EDUCATION RESEARCH
The working group aims to examine the computing education literature to determine the extent of alignment with international benchmarks on student engagement. It is therefore useful to examine how computing education research literature has been categorised by other researchers and, in particular, to determine whether a significant focus on student engagement has been identified previously.
There have been a number of studies examining the nature of research in computing education, for example [7, 15, 22, 24, 30, 31, 40, 44, 45] . These classification papers range in objectives from categorising the nature of the topics researched to a more detailed analysis of the research methods used. They also range in terms of scope from the more general Education and Computing terms to an analysis of the papers from a single conference, such as ICER.
A study published by Joy et al. [22] in 2009 examined the types of papers published in 42 computer science education publication outlets over a 12 month period, resulting in categorisation of 3,500 papers. After the process of evaluating the papers Joy et al. developed a final categorisation scheme of eleven categories, the closest to the topic of 'student engagement' being Theoretical pedagogy and Social factors. A general finding of this study was that conferences in the field of computing education tended to focus on describing Systems and Technologies, while journals tended to focus more heavily on Theoretical pedagogy, Practical pedagogy and Curriculum.
Simon et al. [45] classified the content from three years of ICER conference proceedings (from 2004 to 2007) totalling 43 papers. The classification system used in this case consisted of four dimensions, 1. Content, 2. Theme, 3. Scope, and 4. Nature. Results reported in this study related to the dimension of Context and Theme are most relevant to examine research studies related to student engagement. The authors found that 74% of all papers were set in the programming context. Ten different research themes were identified, with the top five being: Teaching and learning theories and models (26%), Ability and aptitude (26%), Teaching and learning techniques (23%), Teaching and learning tools (7%), and Recruitment, progression, and pathways (7%) [45] . The dimension of Recruitment, progression, and pathways was perhaps the most relevant to a discussion of student engagement, however the theme of Ability and aptitude may also be relevant.
A more detailed analysis of computing education research sources related specifically to teaching of programming was carried out by Sheard et al. [44] who focused on the 2005 to 2008 period but included papers from the ICER, SIGCSE, ITiCSE, ACE, Koli Calling and NACCQ conferences. The total number of research papers was 979 full research papers however only 164 (17%) were related to the specific programming context. Their analysis used four criteria: 1. Type of research conducted, 2. Data gathering techniques, 3. Analysis techniques, and 4. Aims and outcomes of the research. Eleven themes were identified from these papers, with the main examples being related to: Ability/aptitude/understanding (40%), Teaching/learning/assessment techniques/ (35%), and Teaching/learning/assessment tools (9%) [44] . The theme Ability/aptitude/ understanding could include a number of papers related to student engagement but it is unclear if these are strongly supported by well established student engagement literature or if they are based on other considerations. The theme of Recruitment/progression/ pathways could also contain papers related to student engagement but was represented by only two papers (1%).
In dimension. This was used to represent the theoretical underpinning discussed in the research paper. Several well know TMFI were identified: Bloom's Taxonomy, Cognitive apprenticeship, Cognitive load theory, General systems theory, Schema theory, Self-efficacy theory, Situated learning, SOLO taxonomy, and Threshold concepts [31] . While student engagement is not specifically referenced, Self-efficacy theory is perhaps most strongly related. It is clear from this analysis that for this particular conference venue a range of educational theories were cited but that student engagement theory was not prominent.
In 2010 Kinnunen et al. [24] published a paper entitled 'Have We Missed Something? Identifying Missing Types of Research in Computing Education'. The aim of this research was to discuss the goals and the present state of computing education research, with an emphasis on revealing novel areas of research that had received little attention. In a categorisation of ICER papers from 2005 to 2009 involving 62 papers, the authors found that most studies focused on course level issues with relatively few addressing the organisational/curriculum or society level of investigation. They also conclude that issues related to content and goals, and teacher attitudes and skills receive relatively little attention. Again, while Student actions, the results of students' action and Self-efficacy in regard to CS1 were common themes, no categories identified specifically focused on student engagement.
In summary, there are a number of research studies that seek to categorise and describe the nature of research in computing education. Most focus on a combination of the topics researched, the theoretical approach and the methodologies used. Several analyses reported that the majority of computing education research focuses on course-specific issues and the programming context, and that studies at organisational and wider society levels are relatively rare. None of the categorisation schemes examined addressed the issue of student engagement as a dedicated theme although some topic areas involved student centred concepts, such as Self-efficacy, aptitude and progression. A major aim of this study is to examine the prevalence and nature of research concerning student engagement in the computing education research literature. It is not possible from past studies of the nature of computing education research to determine the extent to which student engagement is addressed or if research in this area is well supported by the relevant engagement literature.
METHODOLOGY
In order to examine the issue of the performance of Computer Science in international benchmarks on student engagement the methodology is divided into two main sections: the categorisation of CS research literature and academic interview protocols. The research questions developed by the working group are listed below and aim to explore student engagement from a CS perspective. In particular the issues of alignment between international benchmark instruments and the educational research focus and teaching practice of the CS academic community are examined.
Research Aim To investigate the conceptual alignment between international benchmarks on student engagement and the CS academic community's educational research and practice.
Research Questions: RQ 1. How does current research in CS education align either to international engagement benchmark instruments or to broader conceptions of student engagement research? RQ 2. How do CS academics understand and foster student engagement? RQ 3. How aware are CS academics of international benchmarking instruments and how do they interpret specific questions from the surveys? RQ 4. What CS education research can be identified as exemplifying 'best practice' relating either to benchmark engagement measures or to a broader conceptual understanding of engagement?
In examining the alignment between international benchmarks on student engagement and the CS academic community's educational research and practice, we were open to a range of possible explanations for the consistently poor performance of CS on a range of measures. These ranged from issues to do with the design of the benchmark instruments themselves to a focus on the practice of the CS community, as shown in Figure 3 . 
Categorising CS education literature
Using the categorisation scheme described in this section, we have analysed computing education literature from the past five years. We aim to determine to what extent Computer Science Education (CSE) research literature focuses on research methods and teaching practices aligned with international benchmarks. Further, we aim to note engagement-focused activity based on a broader conceptualisation than that embodied by the surveys. A lack of alignment with the surveys may indicate some difference between the way the CSE community and other disciplines view and explore student engagement. For example, other disciplines might have a macro view of students engagement (as demonstrated by large scale course level studies), while CSE research may be focused on a micro level, (that is, usually focused on specific classroom practice or teaching specific computing techniques). Equally, it is possible that CSE research takes a broader perspective, investigating ideas and initiatives which, while representing valuable engagement work, would not lead to high scores within the narrow focus of engagement surveys. were selected. All papers in these publications were examined for a five year period (generally years 2012 to 2017 depending on the publication schedule at the time of the 2017 ITiCSE conference). In total, 1401 papers were considered. A full list of included conferences and journals is given in Appendix A.1.
Exclusion factors.
Papers not related to higher education were excluded from the analysis process as we were focused on research related to the university sector. Papers outside the reference frame of 2012 to 2017 were also excluded to limit the scope of the analysis to recent research activity. This time period still resulted in a high number of relevant full research papers and therefore provided a good overview of research in this area. Only papers classified as full research papers were included, which eliminated those papers less likely to be strongly supported theoretically. Full research papers were also more likely to be based on rigorous methodologies and include more extensive evidence to support their findings. This excluded less well developed research papers, such as posters, works-in-progress, editorials and short papers.
Selection Methods.
For the selected publications, the titles of papers, keyword and abstracts were examined to determine if the paper was related to student engagement. The process consisted of pairs of evaluators working independently to classify papers as related to student engagement or not, and then comparing results in order to reach a consensus. The three key criteria were used: 1) a focus on higher education; 2) involving the computing education discipline; and 3) with a significant focus on student engagement. The third criteria was the key factor and could include any papers with a focus on the behavioural, cognitive or affective aspects of student engagement. In addition studies were included if they related to any of the key engagement scales included in international benchmarks on student engagement. These scales include: NSSE specific measures such as Academic Challenge, Learning with Peers, Experiences with Faculty, and Campus Environment; and SES specific measures of Skills Development, Learner Engagement, Teaching Quality, Student Support and Learning Resources. Specifically, we also include papers with a stated aim to improve student engagement, or closely related terms such as student motivation. We aimed to assess whether these papers were in fact well supported by appropriate theory and if methodologies related to student engagement were employed. This resulted in an inclusive initial selection of 335 computing education research papers related to student engagement, from a total of 1401 papers, which could then be analysed further.
A summary of the publication outlets and the numbers of papers found is shown in Table 6 . Overall, 22.8% of CSE papers were categorised as relating to student engagement in higher education in some form, despite no previous categorisations of computing education research highlighting this area. Computer Science Education (34.7%), Koli Calling and SIGCSE published the greatest proportion of papers initially assessed as being related. The resulting papers were then collated for further analysis as to the nature of the content, theoretical underpinnings and methodology. The papers were examined in detail to assess if they contained a significant focus on the issue of student engagement, for example reference to research literature and theory relevant to student engagement, the introduction of teaching practices and pedagogy related to engagement, use of established student engagement measures and benchmarks, and/or collection and analysis of data related to student engagement.
A form was created listing the items on which each paper was assessed. The initial assessment looked at the motivation or aim of the research: Did the paper aim to improve or investigate engagement in some way? This enabled us to examine the purpose of the research. We then examined if a formal definition of student engagement was given and what terminology was used to describe engagement. This factor related to the alignment of the research with existing literature in the field of student engagement. The methodology and rigour of the research process used were examined, including whether formal research questions were stated and the sources of data. The dimension(s) of engagement covered (behavioural, cognitive, emotional) were also noted. The areas of focus of each paper were mapped against engagement measures from the survey instruments. Consideration of the exact questions evidencing survey themes allowed us to determine whether a paper addressing a theme aligned to the survey conception or whether the theme was addressed in a different way. For example, a paper might examine a teaching initiative that clearly developed students' higher order learning skills, but yet not be covered by the survey questions evidencing that theme. The final aspect of the assessment related to identifying examples of good practice in CSE research on student engagement. Here we aimed to briefly describe examples of best practice in engagement, either aligning to international benchmark instruments or going beyond what these surveys measure.
As a group we tested and refined the evaluation form to ensure it captured the required level of detail to thoroughly analyse the research papers selected. Definitions for each of the items and measures were created (see Appendix A.2). The group went through a joint process of analysing and discussing a number of papers until a consistent analysis of papers was achieved. From this point, papers were analysed individually, however if a coder was uncertain Session: Working Group Presentations ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italyone member of the team was assigned as the final arbiter. After analysing 335 papers an additional 16 papers were removed from the analysis resulting in 319 papers (corresponding to the 'Removed' column in Table 6 ).
Academic Interview Protocol
In order to elicit the views of academics regarding their understanding of the term student engagement, what teaching practices are related to student engagement and their response to selected questions extracted from the survey instruments, a semi-structured interview protocol was developed (see Appendix A.3). The interview was divided into two sections: the first contained nine general questions related to the academics experiences and understanding of student engagement; the second part presented nine questions extracted from the international benchmark instruments for comment and discussion. Seven general themes were explored in relation to the questions extracted from the surveys. Further, if academics raised issues of interest relevant to student engagement the interviewer had the flexibility to probe further to clarify the issue.
All interviews were recorded and made available within the working group. Each interview was listened to in full by at least two members of the group. In addition, an audio compilation was made of the section concerning understanding of engagement from all interviews and this was studied by all members. The methodology followed was for each listener to make notes of themes of interest emerging in the interviews. These could be either inductive (relating to the areas of questioning already noted) or deductive (emergent from the interview). Themes were then drawn together across all interviews allowing aspects of comparison and contrast to emerge. Results are reported by theme below. Interviews of 17 academics from a range of countries were obtained and analysed, providing a broad range of responses from international academics in the field.
ANALYSIS AND RESULTS
In the following sections we first report the results of the analysis of CSE literature, followed by the results from the academic interview data and finally we report several examples of 'best practice' in computing education research.
Alignment of CSE literature
Below is a general overview of the results obtained from the analysis of engagement related literature (319 papers) that seeks to address the research question: RQ 1. How does current research in CS education align either to international engagement benchmark instruments or to broader conceptions of student engagement research? Figures 4 to 7 show the overall position with respect to the nature of the 319 papers, the methods used and the way student engagement is approached.
For each paper the stated aim of the research was assessed. As shown in Figure 4 a high proportion of the papers (43.8%) clearly stated an aim to improve student engagement. An additional 32.5% used a proxy term for the main aim of the paper, such as to improve motivation. Only a small number of studies 7.2% focused on learning outcomes or content. The other category 16.6% related to items such as improving industry links, gender and academic perspectives. On face value a high proportion of papers aimed to improve student engagement either directly or indirectly.
Figure 4: Motivation for the Research
There is widespread use of the term 'engagement' throughout the CS education literature. There is also extensive use of words that are strongly related (but not equivalent) to 'engagement' (for example, terms such as 'motivation', proximally positioned in Kahu's framework presented in Figure 1 ). Although the papers discuss engagement, very few (8.2%, Figure 5) give a formal definition of the concept or provide evidence of a clear understanding of the theories and factors surrounding it. The way in which related terms such as 'motivation' often appear to be used as proxy words for engagement indicates a lack of understanding of the distinction between these terms and hence a lack of a clear definition of student engagement. In general, there appears to be a shallow understanding of formal terms within engagement and a conflation of terminology within the broader conceptual framework. It is possible that authors assumed a shared understanding within the CSE community of what 'engagement' encompasses and did not feel the need to define it or to highlight their conceptual viewpoint or the dimensions of engagement addressed. However, considering how the word is used within the literature surveyed, it is apparent that there are many different implicit interpretations including: student satisfaction, introducing novel content, attendance, involving
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ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy students in the process of governance and making links to industry. These all bear some relationship to engagement but are not the same. In fact, as shown in in Figure 5 formal 'student engagement' terminology is only used in 35.4% of the papers assessed. It is perhaps not surprising that 'student engagement' is most often used in the very general sense of improved interest in a topic area or activity, or of increased attendance. This is observed in many papers reporting cases where the development of a new teaching technique, tool or area of novel content and reporting surface level outcomes are seen as representing evidence of improved engagement. Of course it is to be expected that on some occasions the word 'engagement' may be used in a more informal way. However, the dearth of papers which do include a more formally conceptualised treatment of the issue is concerning. One reason is that by taking an a-conceptual approach, ignoring current understandings and general educational research on student engagement, the CS community is failing to benefit from and build on advances which may be useful within our subject area.
As shown in Figure 5 only 58.7% of the papers made reference to a formal theory or aligned to formal concepts of educational research in any way. It is of concern that 41.3% of these papers are not well grounded in educational theory, particularly given the fact that the journals and conferences reviewed were the most highly-rated in the field. The papers generally reported initiatives involving individual classes, for example introducing a novel curriculum area or a tool for automated assessment, without clear frameworks for understanding and assessing the impact of these changes. It was evident that many papers claiming to be focused on 'student engagement' were in fact addressing related concepts such as motivation, self-efficacy and learning concept inventories. A lack of definition of and distinction between these concepts was also often associated with a failure to state a clear research aim or provide focussed and convincing (or indeed any) evaluation. These aspects are discussed further below.
Part of the analysis examined the issue of rigour in the research process of papers related to student engagement. As can be seen in Figure 6 formal research questions (or hypotheses) were used in only 36.4% of the papers. This may indicate some lack of focus on formally evaluating the results of changes to practice intended to improve 'student engagement'. More disturbing was the finding that in 37.9% of papers no formal research method was stated or followed. These papers tended to describe changes to curriculum, educational tools or teaching practices in great detail but offered little evidence of the efficacy of their approach. Although the papers claimed to address engagement or stated that their results indicated improved engagement, in many cases the evidence related to general student satisfaction with the class (for example, students saying they found a particular teaching method useful or data showing that students had used a new tool). In some cases, no evidence at all was provided. Hence the claims were mostly not well supported with data that actually measured engagement. Hence, while many of the papers reported work and initiatives that may lead to improved student engagement, the fact was that it was not clearly evidenced. Another aspect of research rigour related to the number and nature of the participants involved in the study. As can be seen from Figure 6 , high level or large scale studies focused at a degree level in CS educational research were rare (5 papers constituting 1.6%). In 40.7% Figure 6 : Assessing the Rigour of the Research (129) of papers multiple classes were involved in the study but this figure included studies using multiple versions of the same class over several instances of the course. The majority of the research was based on data from one class 39.1% (124) or a class subset 11% (35) indicating that small scale or one off research efforts are the norm. These small scale studies tend to result in limited impact to the CS discipline overall and change in practice emerging from them is hard to sustain beyond the staff involved. This analysis indicates a general lack of large scale systematic studies on student engagement in CS. Of concern is the fact that 7.6% (24) papers made claims about student engagement without providing any data from research participants.
We also looked at how the research outcomes were reported and the results are shown in Figure 7 . Rigorous results directly related to student engagement were reported in 24.8% (79) of papers. This indicates the appropriate application of methodology and measures directly related to student engagement. The majority of papers 49.8% (159) reported results in a rigorous manner but these results were indirectly related to student engagement. This indicates some misalignment between the stated purpose of the research and the results reported. Of concern is the fact that some papers only reported anecdotal evidence 9.7% (31) to support their results and some papers 14.7% (47) reported no evidence to support their results. Of the papers that addressed a single dimension of student engagement the highest number did so from a behavioural perspective 22.6% (72), followed by emotional/affective 16% (51) and cognitive 14.1% (45) (see Figure 8) . However, many papers addressed multiple dimensions of student engagement 37% (128), for example behaviourally-focused papers that also reported cognitive benefits. Unfortunately for some papers 10.3% (33) we could not find any reference to a specific dimension of student engagement, and in fact most of these papers related to general enthusiasm or satisfaction in a CS topic or tool use. Given the behaviour-focused nature of the international benchmark surveys on student engagement, the behaviourally-focused research might have a better chance of leading to initiatives which improve survey scores, however from Session: Working Group Presentations ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy Figure 9 shows the results concerning which specific engagement measures used in the surveys were tackled by the papers reviewed. Each bar shows the number of papers that 'aligned' with the measure (shown in blue) and the number of papers that related to the measure but did not directly align to the questions the surveys use (shown in red as a stacked bar). The results clearly indicate that the four most frequently referenced engagement measures are Active learning, Collaborative learning, Skills development and Effective teaching practices. Under-represented themes were Quantitative reasoning, Quality of Interactions, Student-Faculty Interaction and Discussion with Diverse Others. The common theme with these under represented measures of student engagement in the research is how our students form relationships with others, from their peers to academics. Given the poor rating of CS in these four areas it is interesting to note that there has been virtually no consideration in the CS education research community of these issues over the past five years. Perhaps this goes some way to explaining the perception of CS students and CS in general as being socially isolating. These factors have significant implications for broadening participation and retention. In two areas (Effective teaching practices and Higher order learning) a significant proportion of the research targets these themes but work is not well aligned with the actual benchmark measures. This suggests that those measures are being considered by CS researchers but in ways which are possibly subject-specific and which would not translate to improved outcomes in the international survey instruments.
As part of the analysis, reviewers were asked to nominate papers as being suitable for case studies of 'best practice' in student engagement studies in computing education. Generally, those studies that showed a clear focus on student engagement, were well supported theoretically and adopted a rigorous research methodology, were considered. Approximately, 16% of papers (51) were identified as providing significant insights and perspectives on student engagement in the CS context. Some of these papers validated the efficacy in the CS context of student engagement approaches that were developed in other disciplines. Others highlighted novel approaches to student engagement specific to the subject area. These papers demonstrate a variety of research methods applied in a CS context that are appropriate to rigorously evaluate the efficacy of interventions from a student engagement perspective. Specific examples of 'best practice' are highlighted in Section 6.3.
Overall in our analysis of computing education research literature, although there was some evidence of papers presenting excellent research and interesting case studies relating to student engagement, the focus and rigour of the papers varied widely. As noted in the Methodology section, we selected only the top-ranked journals and conferences in CS education with the intention of capturing the most rigorous work rather than early stage or practice reports. Issues regarding rigour include many papers not posing formal research questions, some having no formal methodology, and in many cases obtaining poor evidence to support their outcomes. Where papers reported collecting data, this was often in the form of a student satisfaction survey soliciting their impressions of a teaching initiative or how useful a tool was. In many cases surveys were not based on validated engagement instruments (either the international instruments or more widely from the education literature) and in some cases they were clearly measuring something other than engagement. Interviews were sometimes used to obtain supporting evidence, but in nearly all cases this was presented as a limited number of selected comments rather than as the results of any clear, systematic analysis of interview data.
While conducting the literature review analysis of 319 papers we were interested in the alignment of computing education research with the current international student engagement surveys. However, we are well aware that these international instruments are limited by virtue of being primarily based on behavioural perspectives and contain few qualitative type questions. We were careful also to note and map computing education research on student engagement which goes beyond the current instruments, either by its nature as relating to CS-specific practices or indeed because it goes beyond the narrow behavioural confines of the surveys. Overall, despite widespread use of the word 'engagement' and research aims supposedly related to improving engagement, there was a general lack of evidence of an appreciation of engagement from the computing education research community. Indeed, the widespread conflation of engagement with other terms and the tacit assumption that evidence of something related is evidence of engagement belies an underlying confusion that is unhelpful to understanding and address student engagement issues within CS education.
Academic perspectives on engagement
Interview data was collected from 17 CS academics, with interviews averaging approximately 44 minutes. Detailed notes were taken for each interview. Note that for interview 17 audio recording was not available due to technical issues but detailed notes were taken. Academics were recruited from the IT Faculty of Monash University, the Department of Computer Science at Warwick University and from ITiCSE participants. Of the 17 participants, 10 were in Australia, 3 in North America and 4 from Europe (including 3 from the UK). Participants had an average of 21.5 years experience of teaching CS at tertiary level, ranging from 4 to 43 years.
6.2.1 CS academics' understanding of student engagement and relevant practice. The research question addressed is: RQ 2. How do CS academics understand and foster student engagement? Individual interviewees are referred to below as I01 -I17.
After discussing the context of the study and their past experience of CS teaching, academics were asked what the term 'student engagement' meant to them. Most struggled to define the term, with significant pauses in many cases and obvious difficulty in avoiding simply repeating the word 'engaged'. There was a notable diversity of views on the meaning of student engagement. Several participants felt student engagement related mainly to student motivation or enthusiasm. Words used by a number of interviews include "enthusiastic, eager, proactive, interested, excited". For example, I02 is typical of this group in characterising engaged students as being interested, self-motivated learners who do not need pushing. These qualities relate to student attitude and feeling, and may be seen as aligning to the affective dimension of engagement.
For many interviewees the important features of engagement were linked to what students do, clearly indicating a more behavioural view. For example, I03 points to expected activities typically including attendance, involvement in forums and discussions, communication and submission of work. Even where an interviewee referred initially to enthusiasm and interest, most went on to note more behavioural examples as indications of engagement.
Characteristics linking to a cognitive perspective were noticeably less frequently mentioned in the interviews. Cognitive engagement includes self-regulation in learning and the employment of deep learning strategies. However, while most interviewees referred to the need to develop students' abilities in subject-specific topics and also in more skills-based areas, few talked about enhancing students cognitive skills such as aspects of self-regulated learning or more generally 'learning to learn'. Only one interviewee (I02) talked about the importance of learners' maturity and its impact on their ability to engage. It may be that others might see such things as important but not connected to engagement and so did not raise them in the discussion. However, at least one interview subject was firmly opposed to anything that would take away valuable curriculum time from CS subject content. Exemplifying this view, I10 stated: "If you can't master CS competencies you're out, no matter how critical or reflective you are".
The content area taught and student level had some impact on the academics' view of engagement. Those academics focused in technical domains and to some extent undergraduate introductory units, such as programming, database and networking, tended to express a more behavioural view of engagement (I01, I03, I04, I10 ). Activities associated with engagement related to completion of tutorial exercises and in-class quizzes, a skills-based focus on the content, and building incremental technical expertise. While those in less technical area and/or post-graduate units, such as information management, project management and Industry Experience/Capstone (I05, I07, I08, I17), tended to include more of the cognitive and/or affective/emotional aspects of engagement in the discussion. Activities associated with engagement included a deeper conceptual engagement with the content, in class discussions, interacting with peers and clients, links to industry, self-direction of learning, and soft skills.
A more instrumental view of engagement was held by some interviewees who saw the focus of CS as relating to the efficient acquisition of high level technical skills in programming. In this view, reflective practices, a focus on transferable skills, active learning strategies and enrichment activities took away time from more relevant technical content and in fact detracted from learning by distracting students. I10 expressed the opinion that CS students do not need to think analytically: they "don't need to compare theories and opinions". This interviewee went on to point out the high demand for graduates with technical IT skills and indicated that students who wanted to gain other skills, such as soft skills, could gain these in other faculties. This opinion is somewhat at odds with the assumption that engagement and its measures are universally viewed as being a 'good thing' (even if hard to pin down), for example, the claim by Trowler and Trowler that "the value of engagement is no longer questioned" [49, p. 9] . The deprecation by CS staff of aspects viewed in the literature as central engagement indicators demonstrates that the value of engagement (as most widely conceptualised) is indeed questioned by some CS academic staff. At this point, the limited number of interviews conducted allows us only to raise possibilities, but it is interesting to speculate on how widely a similarly sceptical perspective might be encountered amongst CS academics generally and whether this might be different in other disciplines.
Engagement was seen by some academics as being intrinsic to the student and therefore something that teaching initiatives had little power to influence (I01, I03). However, the most prevalent view was that there was some degree of joint responsibility between teacher and student: "We have to create activities in their learning Session: Working Group Presentations ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy environment so that the student can benefit maximum" (I04). It was seen as a two-way street in which the teacher provides resources and guidance, and the student contributes effort to learn (I06,I08). I12 felt that the instructor initiates that engagement, suggesting that it "starts in the classroom: I am the facilitator". Similarly, I10 referred to an implicit "social contract" between teacher and student which had to be tacitly agreed for successful learning. However, it was clear that views on the nature of both sides of the bargain were very different amongst the academics interviewed. A similar difference was observed in staff attitudes on what would engage students in the affective dimension, although enrichment activities such as hack-a-thons and initiatives relating engagement to industry practice were often cited as approaches that could stimulate interest and enjoyment (I02, I08, I17). I13 stated that it was a requirement for all capstone projects to be communityrelated. However, from a contrary perspective, I10 was convinced that links to 'social good' had no beneficial effect, categorically stating "there's no data -I looked it up". Mostly, when interviewees pointed to particular activities in an affective context they did not raise the issue of whether these would increase engagement for all students or would be appealing only to some. However, I12 observed the difference in engagement that would occur because of students' natural interest in different topics. She felt that although she would try to provide engaging activities, she would not expect all students to be engaged. The same interviewee also raised the issue of differences in engagement depending on subject and year group, making it clear that a variety of strategies were needed and that a 'one size fits all' approach was not appropriate.
A more nuanced interpretation from I02 related the potential engagement benefits of the activities we provide to the maturity of the learner. Having observed poor take-up on an exciting, games industry visit he had organised, he links the failure to learners' maturity concluding that "we need to encourage this mentality in students that they are responsible adult learners". More immature learners are seen as grades-focused, and the benefits of transferable skills and enrichment activities may be appreciated only as students complete capstone units and move out into industry.
One question explored whether staff thought there were particular characteristics of CS students which might relate to engagement. While some thought there was little difference, most expressed the view that CS students tended to be more individual learners, less keen to communicate and less inclined to form a learning community. Indeed, I09 stated (perhaps somewhat provocatively) that "many of our IT students, they don't like people". In this interviewee's opinion, the most important thing staff could do to improve engagement would be to foster a more cohesive community in which students would communicate and support each other better. The benefits of this approach were also highlighted by I17.
A further strand pointed to a 'loner' effect in CS as being a consequence of many of the activities such as programming, databases and networking being inherently solo activity and that this tended to isolate students from engaging with their peers (I03). This content tended to be located in the early stages of undergraduate degrees, with more pair or team programming being introduced later on. Thus, content at the earlier stage of the curriculum might be less suitable for collaborative activities and hence communicating with others was not necessary in order to learn it. Group work in these areas was viewed by some as being less successful. It was acknowledged that these 'soft skills' were more important later in the course, specifically in capstone or industry experience units. However, concerns were expressed that leaving certain aspects to be introduced later on in the course may not be effective as expectations and practice become entrenched early on.
A large variety of strategies to facilitate engagement by teaching practices were discussed. Approaches stated included: breaking up longer sessions with activities such as quizzes and discussions; providing problem code for students to debug together; flipped classroom; blended learning; peer review; team work; brain-storming; use of analogies; links to industry; and links to society. However there were often conflicting views with, for example, one academic expressing scepticism that flipped classroom teaching engaged students (I09) and another worrying that some students become passengers in group work. A common theme was the inclusion of as much practical, hands-on activity as possible (I04). Some interviewees noted the benefits of more personal, interactive approaches. I10 felt it was important to know the students individually and contact them if they did not attend. I09 thought the most important factor was to treat students as equals and as adults.
A further strand that emerged was the importance some staff placed on the strength of their 'performance' in front of a class. I10 said they felt they should be humorous. I12 noted: "It's my job to not make it boring. " Otherwise: "Even for me it's not interesting -I'm not engaged!" Several staff noted the need for staff themselves to be engaged, expressing the view that students will not engage if they see their instructors are not showing interest and enthusiasm.
With large international enrolments in some courses, the issue of student expectations and the applicability of active learning techniques for all students, such as flipped classrooms, was mentioned as an issue (I17). Some academics felt that some groups of international students might have expectations based on a more traditional classroom delivery format and be less well equipped to take advantage of in-class discussion activities.
Some academics saw a number of areas assessed by engagement surveys as being beyond the scope of individual academics. For example several felt that discussion of careers is not their job. I05 said they "felt daunted" at the prospect and I10 stated "It's very hard to know what a good career is in CS", making it clear that they feel ill equipped for the task. Several academics noted organisational constraints, such as growing class sizes, online courses, and a lack of resources, as impacting on their ability to facilitate engagement with and by students. Growing class size was seen by some academics as reducing options for engaging students individually. Some academics commented on the scalability of active learning techniques and providing timely high quality feedback to students. Restrictions in curriculum flexibility were also mentioned as being a factor in reducing the ability of individual academics to foster increased student engagement. With regard to enrichment activities and a focus on industry engagement, fostering an inclusive and supportive learning environment might require an institutional response by the university and the faculty to support individual academics, as noted by I17.
Many academics used terminology associated with engagement, active learning and motivating students. However they did not display an in-depth understanding of these terms and had difficulty Session: Working Group Presentations ITiCSE-WGR'17, July 3-5, 2017, Bologna, Italy nominating specific strategies to facilitate student engagement. Engagement activities cited tended to relate to monitoring attendance, setting assessments to promote attendance and deploying frequent quiz activities. Conversely, several academics discussed activities that would normally be described as targeting student engagement factors but did not classify them as such. For example, one academic (I06) had implemented a flipped classroom active learning strategy with the use of student response systems in lectures but did not associate these practices with student engagement measures. In general a lack of familiarity with the terminology associated with student engagement by CS academics was evident. It is likely that a clearer understanding of engagement and related issues could help staff target their teaching initiatives more effectively. Several indicated that they would appreciate guidance on reliable strategies for increasing CS student engagement. Interviewees reported that many of their teaching strategies were motivated by the need to engage students more. However, none mentioned monitoring the effect on engagement in any formal way or by means of any evaluation beyond the usual class satisfaction surveys.
6.2.2 Academics' awareness of international benchmarks and responses to specific survey questions. This section considers the interview data further to address RQ 3: How aware are CS academics of international benchmarking instruments and how do they interpret specific questions from the surveys? Academics were asked about their awareness of the relevant student engagement survey in their country and whether results were disseminated to academic staff. Further, they were asked to respond to specific questions extracted from student engagement survey instruments.
Most interviewees were unaware of the international surveys and none could say what survey would cover their university. Even when academic staff knew such surveys existed, they did not know if participation by their institution was optional, or whether or not their institution engaged. Results were not being disseminated to academic staff in individual departments. One interviewee raised the issue of 'critical mass' since some CS departments may not have enough respondents to be reported as an individual unit. As many academics were not aware of these survey instruments or the results obtained by CS, they also had no knowledge of the specific engagement measures that were included in the instruments. This is of concern for two reasons. Firstly, academics were unaware of specific measures of engagement and therefore would be less likely to develop teaching practices to facilitate such engagement. Secondly, even where academics were implementing practices to increase student engagement, they were unlikely to communicate them to students in such terms. Therefore CS students would be less likely to relate their experiences to items mentioned in student engagement surveys. It was clear that a greater familiarity with student engagement terminology and techniques would be of benefit to CS academics. This would be an important first step to changing CS teaching practice and hence to raising students' understanding of the relevance and importance of some of the engagement-related teaching and learning activities they encounter.
Staff were shown questions from the surveys and asked to discuss their reactions to these as measures of engagement for CS students, and how they thought their students would interpret and respond to the questions. Staff pointed to a variety of aspects that they found difficult to interpret and which they thought would cause misunderstanding amongst their students. One survey question (number 3 in the interview protocol shown in Appendix A.3) asks students how many papers of different lengths they have written. There was considerable diversity of opinion over how students would interpret this. I01 believed that students would definitely think it meant length of programs written. Others were equally sure that their students would think it means prose assignments. I05 thought that students would be unsure of how to calculate pages because assignments would not be expressed in that way. Given the difference of opinion amongst staff it seems highly likely that CS students' interpretations would also differ widely. This question was certainly contentious but it should be noted that each measure was derived from multiple questions. While some staff thought writing substantial reports was something CS students should be doing more of, others felt that the length should not be viewed as the important factor. Most thought their CS students would do less writing than students from other disciplines, but I04 stated their students did as much. Several interviewees (such as I01) felt that writing essays was not relevant to CS, with I09 going so far as to say the question was "meaningless". The issue of writing illustrates the point that some activities included in the surveys, and designed as universally good indicators of engagement, are seen by CS academics as anything from desirable to completely meaningless in the CS context.
Other questions were also noted as being open to misinterpretation by students. Words and phrases thought likely to cause this include, "learning community", "complex project", "two or more drafts of a paper", "co-op", "field experience", "clinical placement" and "community-based project". Questions thought by some to be too vague to receive valid answers include 8a concerning asking questions in class. A further issue was that CS students may do some of the activities in the questions but would not interpret them in that way. For example, I12 noted that their students do a good deal of peer code review and that this activity and the discussions it involved clearly constitute 'evaluating a point of view', mentioned in Question 9d. But the academic thought that students would not recognise such CS activities as being related to this question.
The relevance of some activities was brought into question, although in each case there were also staff who thought the activity was relevant to CS students. In addition to writing, these problematic questions included: linking to societal issues (1b); considering diverse perspectives (1c); examine strengths and weaknesses of views (1d); tried to better understand someone else's point of view (1e); learned something that changed understanding (1f); leadership (4b); study abroad (4d); understanding people from other backgrounds (6h); being an informed citizen (6j); preparing two or more drafts (8b); attending an art exhibition (8d). Given the conflicting views of staff on the relevance of these questions it is likely that there would be a great deal of variation in relation to how each of these activities is reflected and supported in teaching practice. However, despite the lack of agreement, staff reported incorporating support for a good deal of the aspects raised by the questions in their own practice. Examples commonly offered relate to pair activities or teamwork, breaking up lectures with short activities or discussions, and providing online quizzes. There still seems to be a good deal of large group lecturing and several interviewees felt constrained in their teaching by the class sizes, timetabling and rooms provided by their institution.
Several were aware of initiatives at a departmental or institutional level, but I17 felt more needed to be done to inform staff and get them involved in such initiatives. However, academics did not always feel these initiatives were helpful. For example, I09 reported that one of her modules had been chosen as part of an "enhancement" programme to encourage engagement. This involved use of a flipped classroom but she remained sceptical about its benefits.
In summary the above discussion highlights the diversity of views on student engagement expressed by a small sample of CS academics. There was considerable lack of awareness of this concept, terminology and the specific measures of engagement applied. Teaching practices aimed at increasing student engagement were varied and many academics felt constrained in their ability to address engagement issues by issues such as class size. Interpretation of survey questions was also highly varied. Many questioned the relevance to CS of specific questions and expressed doubt that CS students would interpret the questions as intended by the designers of the surveys. It would be interesting to collect similar data from students themselves and compare this to the academics' views.
Examples of best practice in CS research on student engagement
During the literature review process, reviewers were asked to indicate papers which might illustrate best practice in different dimensions and measures of student engagement. The research question addressed is: RQ 4. What CS education research can be identified as exemplifying 'best practice' relating either to benchmark engagement measures or to a broader conceptual understanding of engagement? To be marked as 'best practice' papers had to be well aligned with engagement issues, there needed to be a clear research question or objective and rigorous engagement-related evaluation of the work. Overall, 51 such papers were identified. Although this is a relatively small number, it does show that strong CS education research is being carried out in many dimensions and measures of student engagement. In some cases, CS-specific and innovative aspects of student engagement are evidenced. Here we briefly introduce a sample of the papers identified to illustrate the coverage of engagement dimensions, topics and approaches used.
Case 1: Illustrating performance indicators and course characteristics to support students' self-regulated learning in CS1
Student engagement dimensions behavioural and cognitive Themes aligned effective teaching practices Themes not aligned learning strategies, reflective learning Ott et al's 2015 paper [38] in Computer Science Education focuses on the importance of quality feedback to foster learner self regulation but the example demonstrates the issue of alignment with specific engagement measures. The authors aim to increase students' awareness of the impact of different study behaviours. In this study, 200 CS1 students were provided with infographic information about the course using learning analytics, and projections for future attainment were provided based on the student's current position. The study provided clear evidence of change in students' thinking about their own learning (for example, helped students think about and balance their workload better) as well as influencing behavioural aspects (as in affecting students' decision to carry out the required pre-class reading). The former is clearly reflective practice, but its cognitive approach does not align with any survey question. It is also clearly helping students develop learning strategies, but again not in a way that would allow students to answer positively to engagement survey question on this theme. However, students would probably see the relationship of this initiative to several of the survey questions contributing to the effective teaching theme. The previous case reported an intervention that could have been used for any subject area, but this paper by Morino et al [33] is an example of an engagement activity which is specific to CS. Using an adapted scale for engagement with algorithm animations, the authors investigate the effect of producing animations that deliberately produce cognitive conflict by showing something which is not the same as the algorithm under investigation. This is clearly a situation which demands higher order learning skills from students as, rather than passively watching an animation or even extending something which has been clearly and correctly presented to them, they must develop a deep understanding of the algorithm to work out the discrepancies between it and the animation. It is unlikely that students would recognise this as falling within the more narrowly-presented, ideas analysis perspective of survey questions evidencing higher order learning.
Case 3: Team Project Experiences in Humanitarian Free and Open Source Software (HFOSS)
Student engagement dimensions behavioural and cognitive Themes aligned reflective learning, collaborative learning, workintegrated learning Themes not aligned N/A One area of particular relevance to CS is the final year (or capstone) project and this example links skills development to societal issues. Although projects are not unique to CS, the computing domain lends itself well to developing desirable skills and connecting both with other subjects and with high impact associations. In this paper by Ellis et al, students' projects are directed towards humanitarian aims, with a resulting increase in students' motivation and engagement [12] . Not only does the approach increase students' interest in computing and improve their subject-related skills and knowledge, but it is also shown to improve other engagementrelated skills areas, notably skills of communication and distributed teamwork. Studies such as these point to the opportunities afforded by the CS curriculum and make it even more surprising that the subject does not score more highly on related survey measures.
Case 4: A Review of Generic Program Visualization Systems for Introductory Programming Education
Student engagement dimensions behavioural and cognitive Themes aligned effective teaching practices, active Learning Themes not aligned N/A This paper describes a meta-analysis of CS literature on program visualization systems aimed at introducing the execution-time dynamics of computer programs to novice programmers in introductory courses. The review provides an example of a higher level systematic examination of CS educational tools and practice that is more likely to result in systemic change, as it includes reviews of 24 systems developed between 1983 and 2009. The analysis reveals that many papers are evaluations of short-lived prototype systems, indicating a need for larger scale and more rigorous research in this area. This paper is also notable in its focus on specific student engagement literature and measures. After reviewing existing measures of engagement the authors propose their own 2DET engagement taxonomy [48] . Learner activity is measured on two dimensions, direct engagement and content ownership, and is primarily focussed on the behavioural and cognitive aspects of learner activity. This attention to specific engagement measures is relatively rare in the CS literature examined. Also of note is the systematic approach applied to review the systems examined, including a discussion of the empirical research methods used to evaluate the systems. This is a small scale but well-focused example of examining learning activity and engagement in fine detail. The study examines the ChiQat-Tutor Intelligent Tutoring System [21] as students solve coding problems either in pairs or individually. The study, run over two semesters of the same course, involved 173 participants and presents data from: pre and post tests, extensive activity tracking data from the system itself, and a brief post treatment survey of student satisfaction. Specific focus was placed on fine-grained differences in activity between individual and pair programming conditions. For example the pair programmers required less time to solve problems, relied less on examples, showed more persistence in working through problems, compiled more successfully and coded more efficiently. Student satisfaction was also reported in this study but mainly to support the other data presented rather than as the primary source of evidence as to the efficacy of the approach.
Case 6: Supporting and structuring "contributing student pedagogy" in Computer Science curricula Student engagement dimensions behavioural, cognitive, emotional/affective Survey themes aligned reflective learning, higher order learning, collaborative learning, active learning, skills development Survey themes not aligned N/A This study discusses the introduction of Contributing Student Pedagogy (CSP) across the curriculum in a CS degree program with the specific aim to foster learning communities, collaboration and deeper engagement in learning. The study is well supported theoretically using principles of social constructivism and communitybased learning. The key element is "valuing student contributions, including an awareness by students that their contribution will be used by others to facilitate their learning, and assessed as to its suitability for that purpose. " [14, p. 414] . Due to the wide ranging changes made to teaching practice impacts were anticipated in all the behavioural, cognitive, emotional/affective dimensions of student engagement. Using an Action Research methodology the study authors describe the impact of reshaping their teaching practice to be more student driven, practice-based, social and reflective. Three cycles of evaluation were implemented, using data such as student attendance and participation in course activities, and student perceptions of their engagement and motivation, to demonstrate the efficacy of their approach.
While these projects are just selected examples, they indicate that CS education research is considering aspects of student engagement, albeit in a modest number of papers. Indeed, the variety of aspects considered and the ways in which engagement themes are addressed show a much wider perspective than some student engagement surveys. Some of the activities and approaches noted were subject-specific and are applicable only to CS. These are signs of healthy research activity. However, many initiatives examined were small scale so unlikely to influence CS teaching more widely.
RECOMMENDATIONS
This section presents recommendations based on the analysis carried out on the computing education literature and the views of CS academics. While further work is generally needed to increase understanding of CS and student engagement, several recommendations emerge from this report relating to the following categories:
• Ways to facilitate discussion of student engagement in relation to computer science.
• Ways of increasing staff awareness of international benchmarks and student engagement measures.
• Suggestions for focussing future CS education research to increase understanding of engagement in the CS context. • Identifying problematic issues in benchmark instruments in terms of measuring student engagement in CS.
Recommendation 1: Computer Science departments should analyse the performance of CS in their relevant national student engagement benchmark and distribute the results to their academic staff. This will help identify areas of strength and weakness and also increase staff awareness of relevant benchmark indicators (Evidence: Interview data shows general lack of awareness of academic staff regarding survey instruments and results).
Recommendation 2: Computer Science departments should develop a specific plan to address areas of perceived weakness. This may include academic staff training in the following areas: 1) discussing the terminology and definitions for students engagement, 2) discussion of relevant benchmark indicators associated with their national survey, and 3) reviews of teaching practices associated with increased student engagement, including examples of best practice in the computing discipline (Evidence: Interview and computing education research data show a lack of awareness of engagement issues but a desire to improve practice).
Recommendation 3: That institutions show leadership in certain areas of engagement as academics have limited influence in the overall shape of some aspects of student experience at a course and university level (Evidence: Interview data related to in-class vs out of class engagement).
Recommendation 4: Communications with students should be revised to include relevant student engagement terminology and interactions with students should focus where possible on promoting student engagement measures (Evidence: Interview data in terms of a lack of awareness of terminology).
Recommendation 5: CS departments should consider re-framing their curriculum to provide contexts that are personally relevant to students, for example Computing for Social Good and Service Lead Teaching, in order to broaden the appeal of the computing discipline, as in Case 3 (Evidence: Computing education research data related to Emotional/Affective dimensions, gender, identity and motivation).
Recommendation 6: CS teaching practice and research should focus more on student engagement and ways to formally measure outcomes in terms of student engagement measures (Evidence: Interview data and computing education research data related to the rigour of assessing outcomes).
Recommendation 7: The CS community should publicize examples of best teaching practice in terms of increasing student engagement (Evidence: Computing education research data relating to examples of high quality research activity).
Recommendation 8: The CS community should consider specific funding for larger scale research into CS relevant educational practices to increase student engagement (Evidence: Computing education research data related to the current focus on small scale studies involving a single class or class sub-sets).
Recommendation 9: Research should be carried out to determine the impact on engagement issues of large class sizes and high levels of international enrolments. Techniques that are appropriate for smaller groups may not scale well. Also international students may have divergent views on engagement and teaching techniques (Evidence: Interview data related to comments of enrolment numbers and student background and expectations).
Recommendation 10: CS conference and editorial boards should consider strengthening editorial policies in relation to research with a stated aim to focus on student engagement, in order to improve the quality of the research accepted and to ensure rigour in terms of methodology. Conference chairs and editorial boards might also consider creating student engagement tracks and issues in view of the finding that approximately 23% of the literature in the field has some focus on student engagement (Evidence: Computing education research data on the rigour of publications).
Recommendation 11: CS as a body should provide feedback to the designers of Student Engagement Benchmark instruments as to: 1) the use of inclusive language in the questions, 2) the need to rephrase specific ambiguous questions, 3) the inclusion of a wider range of examples, for example including hack-a-thons or cyberchallenges in discussion of enrichment activities, 4) the inclusion of CS specific ways of engaging, for example debugging and testing as opposed to drafts of papers, and 5) discussion of the interpretation and reporting of results in the context of CS (Evidence: Interview data on the CS academic response to specific survey questions).
The above recommendations are intended to facilitate discussion of the performance of CS in international benchmarks on student engagement and how we might improve that performance.
CONCLUSIONS AND FURTHER RESEARCH
Many intriguing themes have emerged from this Working Group report. Firstly, the analysis of recent computing education literature has highlighted the widespread but a-conceptual use of the term 'engagement' within the CS education research community. This is of concern because it may assume a shared understanding while actually masking the very opposite. Further, failure to build on the extensive engagement literature available in more general education research means we are in danger of missing out on findings and best practice from other disciplines, which are performing much better on these measures, and that could benefit CS educational practice.
Considering the alignment of research areas to engagement survey measures it was found that some measures are addressed by few papers in the CS education research literature. Well aligned measures included Active Learning and Collaborative Learning. However, some research which does address the themes is often of a nature which does not align to the specific student engagement measures and questions contained in the surveys, for example Higher Order Learning. Despite many papers stating that the work aims to improve engagement, very little evaluation of engagement is presented. Overall, the rigour and focus of CS research on student engagement could be improved. However there are a number of examples of outstanding CS research in this area.
The wide variety in academics' conception of student engagement is striking. Debate over the appropriate level of, for example, written assessments is perhaps to be expected. However, somewhat more surprising was the view that any explicit support for non-technical aspects is a waste of CS teaching time. Staff with such beliefs are unlikely to introduce teaching activities that relate to many of the skills-related measures of engagement or which explicitly scaffold more cognitive, reflective approaches that help students 'learn to learn'. When considering the spectrum of possible causes for the poor performance of CS presented in Figure 3 , it is clear from the analysis above that inappropriate instrument design and a lack of CS discipline specific measures/questions is only a small part of the problem, as CS performance is poor across a range of instruments with different question designs and engagement measures. Evidence gained from a analysis of recent computing education literature and interviews with CS academics points to a lack of awareness of student engagement issues and a need to improve our research and teaching practice. Future work will include further interviews to widen the pool of CS academics. In particular the views of CS academics from North America and also from more CS academics not specifically interested in education research would enhance the data set. We also intend to collect data from CS students to examine the issue of engagement from a student perspective.
